Deleterious synergistic effects of ascorbate and copper on the development of Plasmodium falciparum: an in vitro study in normal and in G6PD-deficient erythrocytes.
The effects of ascorbate and copper on the development of Plasmodium falciparum were studied in two modes: pretreatment of uninfected erythrocytes followed by infection by P. falciparum and treatment of parasitized erythrocytes. Pretreatment of G6PD(+) cells with ascorbate caused a slight enhancement in parasite development, while in G6PD(-) cells a suppressive effect on the plasmodia was demonstrated. Copper alone interfered with parasite growth in both cell types. The combination of copper and ascorbate arrested parasite maturation, an effect which was more pronounced in G6PD(-) cells. Synergism between copper and ascorbate was better demonstrated following the treatment of infected erythrocytes: while ascorbate alone supported parasite development and copper alone had only a marginal suppressive effect, the combination of copper and ascorbate yielded a marked inhibition of parasite growth. Ascorbate proved destructive to the parasites in the presence of adventitious copper, or on the second day of the parasite life cycle. In these cases it acted as a pro-oxidant, while in other systems, in particular in the presence of a chelator, ascorbate acted as an antioxidant and promoted parasite growth. The understanding of the role of transition metals and free radicals in parasite development and injury could shed light on novel approaches to fight malaria.